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1 

umt^y y -?tattgcDtfifa^'fi:^a$sd^stiis«?i0(7:>:g 

{c J: «p ttilfiy y -5t^ttg<7)a-fk;:*rf$]^*63S-rSjR?lt^ 
ttIIBS5^^ttg;d^tlJtBx>':/i^- h ^itJlBj^^^iS 



(2) ^#SS^1 0-4 2 2 7 

2 

«3J{k?^lS)§:-?:0^®l^(c*-t-Sft*5il«£ttg t , 
tfFlBj6]*5tfi£i^gi:«te-t-5S5it^ttgT-^oT. fitJiB 

^&}^g(7>^{t;::^r^^$?j®?^.^:^rS]{c?&)^L. 

ffjiB h ^^^^/upf Mg ^: ^m-r^y y -5S^ttgT-fco 
ia:7 y '-5t^teg(7>tij|H2Pffii^T% ttifBj6)*5iifiSttg(75 

/US^;^^ y • -t^K 
[0 0 0 1 ] 

• r:/y >5r— ^ixa >^cofcie>co^$v h>'^>/^«'a* (m 
Tj) 9S^(cB3U, i^Jc, MT J <D«->«rom«i60^®j;t: 

[0 0 0 2] 

[^^&*os^gl «£^h>'^^/u^'&fi, »i^*fei»g{c^i9 

^(7 o-F egd^r/^^-:^ (AI2O3) #feS: h V^/UgfdJ: 

i9 5)^st^ixSo ii2{^, ai;(jD^K« mm {c^-rs^^ 

R) ^^'^\%^y^f)^^y^^^\^. ^%mK<n>\f—^t'^m, 

:®;d^-^[63 0^efil (g^ijxl^ 1 0-2 0 0 Oe) t^h 

J: y^^-y'<o^^ 

[0 0 0 3] h >-^. y ^-^^^^tPMT J 



3 

[0 0 0 4] m^<D^mm{z.9c±^. m^<7y^-f ^ ^m. 
fis^e^ti^:^ 1 o%-&) ^m-r^MT jm'=f<D 

V ^^^(Dm^^^:^^. R. MeserveybtC J: -5 "Spin-polar 
ized Electron Tunneling* (Physics Reports, Vol. 23 

8, pp. 214-217) r*^$nr*5i?, m&x*\t^^ l%7b 
Tb^hTTi^titzi^i'fX'h^^ :Ltih(r>i-on. ioo%co 

t-V-^^^C r 02^C^S^>SU, ^^a{C*5l^T4 0% 
r^^{co^/^r^^. R. Wiesend 
anger b {^J^ "Observation of Vacuum Tunneling of S 
pin-polarized Electrons with the Scanning Tunnelin 
g Microscope* (Physics Revi ewLetters^ Vol. 65. pag 
e 247 ( 1 9 9 0<^) ) X^^htlX^^^^o 

[0 0 0 5] 1 S%(7^m^^mit^^^^'r^$¥'M{Z,X^ 
fJ:MTJ^^ft^. T. Miyazaki ib(C J: S ''Giant Magnetic 

Tunneling Effect in Fe/Al203/Fe Junction'^ (Journa 
1 of Magnetism and Magnetic Materials. Vol, 139, N 
o. L231 ( 1 9 9 5^) ) Xn^^tlX\^^^o 

[0 0 0 6 ] ^OfdifCj^, X^^t^C o - F e /A 1 2O3 

/co^^\^x\ mi^\zio\,^x^i^i s%<Dmf^mu^ 

^-t^MTJ^^t^. J. S. Mooderaib{Cj:6''Large Ma 
gnetoresi stance at Room Temperature in Ferromagnet 
ic Thin Film Tunnel Junctions* (Physics Review Let 
ters. Vol. 74. page 3273 ( 1 9 9 5^) ) X'Wi'^^tl 

&t^±^<Dmm^^t^mmf^:^mxmf&^tix\i'^^c ^ 

-g-ffi*tl5 2 0 0 X 3 0 0 ium2(D:^#/^lpf©S[*#-rS 

[0 0 0 7 ] J£XJid^b, ^^\z:i6i'^xmm^{z.+^;^\z.:k 

>'^^/i^mmmx^±L.tz^ m^m\zn'i}^^^m\z^^'^x 
titzt^. ^ti\t^m.x0mm^tj:nmnmmm^m\^'^x 

[0 0 0 8] v^^<DMr jm^\z.mir^%mf^m\^. m 



(3) ^#^¥1 0-4 2 2 7 

T^riltiE^ixT^^'So riX{CgaLTJ:i, T. Miyazakib(C 
iZ-S^Large Magnetoresistance Effect in 82Ni-Fe/Al- 
AI2O3/C0 Magnetic Tunneling Junction" (Journal of 
Magnetism and Magnetic Materials. Vol. 98. No. L7 

(19 9 1^) ) r•a?'<bi^rv^5c \^t^\.f^t^h. 

Mm.m<DmiL (excursion) i}^—^mz.^^\Z.-i:>i<^^^ 
^^S*iiS:^*^tt;d^ll37!?Mia4{c.i^^n6cfc 5{c 

10 [0 0 0 9] 
[0010] 

o;&^^(7)^>fk:;^f6]:§:@^^fct^*6)* (pinned) ^fl^m 

-^^m^^m^^^. ^(Dmit:)3\^tm<r)W'm\Hxu\^^ 

20 n'^mM^<o'^tmM<o^^<oTX\^^mx:'^ 

m\L-:)j^\^n\^xm<i^W''^^x^m.-^mrQ^^ . t^mv 

J9*S]^^n5o MT J ^^(7)^#-ir vv- 
f^:2i^, '-mz.nmm.^m<om\L^^\z.n\^xm:m.\zM 

' r:/y y-v-a vT-j^, :7 y -Visits (7)^{[::;^fS] 

^^(7>^^t^^;5^, MTJ f>>'^>7i-KM®^ilii:::^fS](c 
iliiiL/^i/^r-, MT J ^1ai^7K¥;^r^{cilig|-r^«i2^-5^ 

raii::*-f^tcjjeiL-5 h >'^> y v^/misj^, 2 oo^s^sst^ 

^^ttcj: i^ffl^n, iteaw*^fj^co:A:^iii^sm^y- 
t^±T<Dmmi)^. hiy^^/i^^mm(Dm^^xyi—y<y^y 

mf^s-r^o MT J ^^t^i&mm\^iis\,^x^^f)>xtj:\^^m 
5(? INT, ^^(Drnm^mm^m^^^ct^cxv-^^^^ti 
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I 0 0 1 1 ] 

1 0 . mm b 2 0 . ±^m,m:^ ^ 

ffiiSSS 5 0 ^^tPo h >'^^7l-SSMa 2 0 J5 2 0<7>5t^tt 

So 

[0 0 1 2 1 S3E9Jb{cj^^$ns-<-;^m«gS;^^? 5^ 

V— Kg 1 2 ±(7)^7^ v:/ 1 — V "^^ttS 14,7^ 

hgl 4±co^?il^i4^5f4S 1 6, l^XITm<DK'^ 

m^m 1 6 ji j* ^ c ^ ^w^^ ^ 5 "t&j * ^ 

(pinned) ^^t^ttg (JgAT, 1 8 

^^Cfo ^m^m 1 8 I^MT J 3^^0^M0^^^Hp^ 

{^^S 3 4 ^-g-tPo ^^t^il 3 2 

— oco52:^fi5^i 1 , 13 m^^m) t\^x 

T^^iti^o mmm4 on±^m^Mm:^i^ y ^ 3 oo:>M: 

[0013] n 7 1^ , *6ji^S:&5¥±a{ii$nfc*fejitji e o 



(4) WIB^l 0-4 2 2 7 

e 

i^\^^x^i^/jt{^^tm^^ix^j:ifti\i:fjthf£\^^<DX'^^ 

[0 0 1 4 J IlSfi. i/iJ^ 1 o\ 

h i^^^/i-mM 2o\ Rx/±^m.m:^ ^ y^ ZO' t^^X 
Bai«fty--Ki i'^r-T*-{cjsu^So c<^>«it 

[0 0 15] H5 7!?^ll6{C;^^n'5«it^#-r-5MT 

{C-rSo MT J 5/ 1 0 ti. 2 0nm<7) 
Pt, 4 n m(7:)N i 81 F e 19. lOnmOMnsoF 
eso^ -S.t/8 nmON i 81 F e 19 i^iX^fl. S 1 2 , 
14, 16, 18{CMJ^:) (o::^'^ y ^ ^-^^^ z.tiht^ 

t \^xm.m^^u^iy') - ^^'^^±.\zf^^^ 

(7>N i -F e ill 4(7:)^a#^IS[^-f ^L. ®1 

4 (^Mn5oF e50;^?t^^/i 1 6 ^IBf^-T S ^^^Z 

h <i: LT«t^-rSo S 1 ei^S^^^^^&tcJ: 19 . 8nm(7) 

N i - F e >^ y -^m'&m 1 8 60^<t;^[^^i^*-rso 

^{C h ^^^/Uflf Ig/i 2 0 In m7!?M 2 n m(7) A 1 ® 

ixSo A 1 203#fe>m h v^>/i-PSMS 2 0:6^^ 

^^nSo MT J±^m®:^i$' 5^:5^ 3 0 1^ 8 nmCOC o 

^r;^2 0 nmcop t (^n-?:*ng3 2, 3 4 {cm;^;) <o 
-rso T'^nM:^^ y ^ \0}^<Dmt^mhfi^x^^ . a 

1 2O3S2 Ol^(cg^-&^«^W(^MM^ii-S 

*>So JifPrnfiiJ^iJ' 5/ ^ 3 OJ;i 1 6 0 nmCO S i 

40 «8y-K (06#ffi> ^ Uratg-rS 2 0 nmCOAg/ 
3 0 0 nmCOAu^^'^jr^ f.g5 0 ^Slite-t'So ^lOM 

, ^-a-;^ ^ y^ t^<D^X(r>m (ii 1 2 , 14, 16, 
1 8, 2 0, 3 2, 3 4) ^, ^ffl?aSf>:*5^/^rv'y =1 
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(DN i — F eXl OnmT!?^! 5n m(7>Mn sqF e 6o<^ 

1 0 0 1 6 1 MT J ^^<D?<^ I) ' ±/u . ryv^—iy 
a vr-j^. MT J ^(Dmi2^^t^±MRv^T^mmmmm 

11. 13 m^jb^memm) ^iii^r, mm^^^-r 

mx^fS.^ti^m-^Wimt^y V -^mi^m 3 2(Dmt^ 
y'j-^m^m<ryy^-(y^iy^^m^^x.^xo\^. n.m 

[0017] MT J p« ■ ■ir/H^-t>'>^m«lE^MT J 

z.t\z,^y)Wtm^i\.^o A 12O3 ^^^-t^/^^iit^isst 

^m^m-i^^^ (hv^^yvi/^^) i^, AI2O3C0 
^^■yv r n^^mi^mmzmm-r y rtii^xh 

6<i:^{c, ;<^y • -fey^colg^it^Sy^'rsr: <ir (cj: ^ j*: 



(5) 4#l82pi 0-4 2 2 7 

8 

JO {z:ia\^^x^mi±m^mf&-r^m^±um(Dm.^^mi^\z.x 
v'-^ y i^^^mi^m 2 o5S^tt«f^om?ffi(7);^ 

>' h;65|Sl05t«£ttS(7>^ix^iS!5pfT^,C:^-g*J: 

r, M^^-r y TO h y v^^imi^, rsi::^o/ioig£ 

^^tcife^-r-So y ]) -^miim(^ 2o<D-^m 

hibt^ (O^fcJ^l) ^^af-5o 
[0018] |gl 9 Jb^m 1 m5 Tb^m 6 (DMT J 

5^^(cBabrii^bf:ict 5{c?gfi)c$iX'5^'t^e^/^MT J 

-To 0 9 1^. MT J ^^(D^S^ISS (4-/-6 0Oe) «1£ 
^gSt^f^^^-To ifD^#TM:J, MT J 5g^(^ 2 0(7> 
S^?:tS*tM:d^^^E-rSo 2 OO e7!?^3 50 e J: l?::*C 

«t-65^^®*tJ^*^l 9 5 0 Qr-#>-5o ^S^60OeJ:«9:^ 

it 6^^1g:Stli*^2 1 5 0 Qr-^-5o :mbC920(7>lg 
*iiRffi(:i±^^^S113 OF^COS nm(7>C o® 3 2^2 
0 nm(DP t 7 y — 3 2 OS^-fti;^!^ COS^^S^ b 

<Dwi}dmm\zMi^x. T^mmy^^ I o\^(Ds nm 

t5^/hffit7:)iE^ fcl^ Aco ^"-^ b ^ix/^^^fc 

r^v^^wm{z.:is\.^x-^m^j:mmy^y'y^^^^<D^mm^ 
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[0019] T^mfig;^^ 5/^ 1 o^<D^mi±m 1S<D 

i^-^n. mi o\z7ik^ix^^<i^—=^>'^m<DMT J 

eJeJlT^^eS#(C^-r -5^^!: (M) 

O e RXf 1 6 0 O e jBl^T. ^^(DT^M^^ 

J: 8 nmON i 8lF ei9S 1 8) COJSflgtC 

X ^1fi)^^tl^4 nui<DN i 81 F eigv'^^i^— h 

3 0 0 O e ^t/ 3 6 0 O e <7)^#{c:^ol^r^^tl-5o lil 

^(D^m^m<Dm^h^mtm i 3 o o e rxi 2 5 0 o e 

2 OfcHS^L/^l^T^V^^U— hN i - F eg 1 4 60^te 

[0020] mt:^i^Rm^^c:6fz^{c^^m^£mm 

in^±nm5 0RX^TMmi 1. 13) {^P^tcmdf^ 

19, ^ y-^^^<4S 1 8(7:>)yt^^S^-ft:^ii:^fce^){c^^ 
^tb-S L^l^flSW«Sj5!Sc;^^ (the threshold realigninen 

t field) <^d^r-^/.^i\ 

[0 0 2 1 ] *:^§B(DMT J «ittcj^ , fi^S^SifftcilS 
^o>6>co^lJ^:^^^^^-r6o Site, Jiffl^iStia i 8 

L, y • r y^y >'(cjol^ 

TPp1®^?:t6o MT J 9g^p^ CO j^5tiStt3^^/^Y r;^il 

Ji.og^£r-*>Sr ti&orfg:Hi;!JDB£4i(c:fci,NT, MT 
J ;^ ^ y • -^/UOS^t^aSvSStl^^Wti^t^iiEi-^o 

^*:^PJ{CJ:^MT J (HS^U^lEl 7#0S) M 

T J ;<^y • ir/U;&5S/hy ^ =7 y ^ y ^ • t:V^r-« 



(e) ^^M^Pl 0-4 2 2 7 

10 

[0 0 2 2] y^) -'^m.^m<ommt. ^^mwih^m. 

10 ttSo N i -F e-&^jSlift/hCO;^>r s/^V:J^«^ii: 

S^:^rvh^;^^{t-^^^C'5o c o-F e-e-^t^i^v^;^ 

®*^^;*>9, S60:^a55>d^N i -F e/^^<7?ffie§v!i(7> 

6S;^C0^^^^#if:LT31iR^tl5o Ni-Fe-^^ 

•^D^^^oN i -F e/i:6^b;S; . v¥i^#Sil:e'^:&3l 
ft-§-^/cae>{cc o-F eg;6^b;S:^o ^fift^f^^iS^ 

^>®(7>C o -F e-g^^^:*(cS|#$n-5o m^^Fe- 
Co-N i -e-^Oli^^^fcf^CO^^^-p^ V h^^^ 

[0 0 2 3] nmz.. ^^*^«£ttji(7>S^ttl^, ^ix^ 

(14#i*|g5 4 6 5 1 8 5#'ri&-<ibtlTV>;5o Mt^^tTD 

i5^-r:/coi*]*Sfi, -<—y^'mM<n>:^^yV<om.'^=^—y^^^ 

[0 0 2 4 ] MT J^^-ir^^if : dl 27!/Ml§}l 31^. 
iaJS-g-a^l^ ^yi^ 1 Ot^V V^^^uKMS 2 0 

^ yp \ ot\(r>'^^m 1 8^^>fb;:;^fS){c3pffxMi/^< , 
« ii: {cgE?ij ^ ix s Uii^ 0 5 tIj ig HI 6 ^ r- 
-So ±^iSi^ii 5 0(^^ia{b^nfcj!^,mjl4 0{cj: , 

s-B-^^-bPflRi^^t^ ^bn-5o mM'r^&m<r>mm^'^^^ 
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B<Dm<t:^\^ (^HlX 9) 

[O 0 2 5] fiS^-tVJ^flBOMT J9S^J^, ±^^®7 

3 {^^^^iS^n-So 01 4 MT J^i^-tv^^lg^co^S: 
mm ( + /-6 0Oe) ^^S«:4#tt^-T^-t*o r.(7)5^^ 

I^Oji^mi^7 0 (Hi 3 #99) t^, 2. 5jum(7)i|ii, 

^u^^-;:^ m«i 1 0 (Di^-^^mi^m i s co^-ftife-f^ i 

(Dmit^MU<D:^{^\Z,fQ-DX. 1 0 O e d^b 6 o o 

e tCJJ^-Y — . MT J|g:^;a^*^2 2 5 0 Q^^^b 

St:{^2 5 0 0 Q:d^bW^2 2 5 0 Q{C^<t:-r5o C(7)M 

Tj5S^r-fi, 7y-5ii^Kl4g7 2(7)S;b-tt;5^. 

^«cSl7 3::3^fp]{Cfa^9i:^^@7 0 CO 2. 5X12. 5 ju 

311 9 :^m\z.r^ ^ ±^m,m<DM^m:^mzm\Kxh:5o 
1 8 og^^gffi 1 9 7 3 :^{^\zm 

[0 0 2 6] ^E.m^m<DW'mt^tit:i='>'^^ [^m^ 
^-r^m? Rxj^mi 2(dmt jmi^n. ;^^y • -tr^i-^ 

:/pir;^ • v"->$ri^;?;{coi^T, 01 57!jig@2 

ffi!i7^/Nt^f4:±(cffl^^tis (0i5#BS) , mmm 

S9T^So S^S^JSlS?^S^c:fel^r A r ;^;^^^v^r 



(7) 0-4 2 2 7 

12 

m-r^ti^iz. s«¥®(^{^^^;^f^^^'rs^^M2 

0 O e 7!?^ 1 O 0 O e (7:)^;!JD^3S:^;2>^^^>^^ixSo :ili 
T-*>So -^(T^iJCj^/l^ 4 nmO/-^— ^n>< (NisiF 

ei9) mi 4tm^^th^. z<Dm\twmmxhK^ . ^ 

y V:^^ • ^ — h^^b#^^KSJ^^ 1 0 nmOM 
n-F e^^^^t*;! 1 6r-^So ^ S> bfci^fe:^!^. Mn 
50F e5oii 1 6id^Tii(J0 4 nmCON i -F e ii 1 4, 
TJ^j^l/^riSg^nS 8 nm(7)CoSl 8 ^7>rM#^^e]*-r 
S ^ i ^ffi:liE*t-So CK^OP t/N i -F e/Mn-F e 

(J^^ 1 nm7!7ig2 nm) A 1 jld^#^^ixSo :i(7>A 

1 g^^jffl 0 OmTo r r ^U^m:t?^S2 5 

W/^cm^tcr 6 o^:j;7!7ig2 4 o#(Z>r^. ^ft^n. A 

/U^Mg2 0;&^^^C(^8 nmON i 8lF ei9ii. ^I'^T 2 
0 nmOP t^^^^^^ hji34tcj: ^?at3i^So ^ 3 
2, 3 4 3 o ^jF0jS:-rSo ^tOP#.^. 

•rs (Hi 5#0a) o 

[0 0 2 7 1 ^(nTMi^-^1^y^\t. ^^fX:^^^^^ 

30 «tbnSo :^Mc7>±^^^Sco/-^^ — vp^(5:> h • 

^J:^ h - >^x>'^/>^i-8 OJcj: i9i*»^n?tci/^^*fiF^-C, 
Ar • ^: y >':J^{Ci: 19 A 1 203S^r-»< 

So 4 0 0 VO-r:^>')!JDitS^X Vv''^/i-;d^Sf3lT-*> 

y^\.m^i\^^r)\^^::^^h.^t:^\mM<D^^'^^\^^-r 

fflm^^^ yi^ 3 o^3ii:^T^n^n/^ij-ixii?:^b-r, 

h >-^^/i-PgliS 2 OOF^fBcT^^-^r A>r-^^Jh-r 
-<#r•fcSo Hi 6li:^ y ^-iTXSd^^TL, u-v?;^ h 
- y^T^Vv-zuS 0;&^ffI^^bnS)^ttIO^i^^ffillI^.i^ 
-To H 1 7 h - J^^T^Vv^/l-S Od^fy)#*5ttbiXfc 

^(7:>«i^^®H^;^-f o :ll2 0ixi/jp^ h • ^^^--1^9 0 
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/cm^^^it^^-To 112 ofc^^nScfc ^ 

So r (Oa(7)Jl$l:i^i!^ 1 5 0 nm7!?ig2 0 0 nm-e*? 
So ^ y >'^^tJ^ft«xmoPfl{cSg-&jaft^Sr*^l 5 0^ 

ixti^fiSfCIi, y ^'^^nfcS i O2S6 0(D 

$nSo ±a5ifii^ii 5 OJ^, -P'Jx.t:£e^ 1 0 0 nmT!^^ 
3 0 0 nmOP t r**> t? , ^ O^ititc;^ :y y 

-rSc P t (?^f+#J[^ftiJ{C. iJiStCf^^tl/^ 1 n m(DT i ii 
[0 0 2 8] ±fS(7)Mf^XSv— ^V^l^, - ir 

j*$nSo ^^mm-^ >^MT J m^x\t. ±.^mmm 
[0 0 2 9] A IS 2 o(Dm^'SLXj^mi\Lm^t^. 
^: t> 1 0 0 0 ai^±T-*>So ^umm'^^'i^i^'^ ' 

$tJ^5 0Q7!?igl 0 0 ao;^-yT-^SC^;d^if^U 



(8) 0-4 2 2 7 
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[0 0 3 0] ^^yXO^'Ir^^v'^'^ ■ >$r — V 

(D^:^\z^\.^x . h 2 o{^p® Lr. 

r Ul^o Co, F e - C o * fcfiN i -Mn - 

^xmm^ixn^t^. rttbi^^s^sttsi sslu^s 20 

10 [0 0 3 1 ] *^8^C0MT J^g^-riii. ^ ^>'(7>T|- 

[0 0 3 2] ^^^^rUr, *^|^co«fiS;{cg^LTJ^T 
[ 0 0 3 3 ] (1) *tJl5S:K±{Cjl^i5fe^nS5|£ 

>'^^^i-mm^pi''^'r^i&mb>'^^/umxh^x. mt^^ 
^^/i-m<Dm^mm^mx.xmxj'^:Lt<ofj:\^^m^mm^ 

(2) itifE?6]^?t^i4jl^U^tUIB:7y^^^i4jio^a 
{iiS5¥^T-C*>S, StjlB (1) lB«(7>m^ h>^^./^g^-8'5g 

(3) Ml2J6]^5t^t^®^ir;^f^if5y^ y-^ai^g(75ttrlB 

orK?lJ$ixS, gtJlS (1) fB«0«£^ h^-^^/L^^^sg 

tBi*j«gc7>«£{t;:^ffi]^^ii:r-^s, StJiE (1) l5«o^ 
(5) SfFfSl^*5ii^ttiid^StJf2Sffi^snfs:7 y-^^tt 

flfjf5*fe.^g^iilST^I5:7y-5t^tig^g^M-rs 
5<7 a5:»^^tp#^^S£^^«:®^^^tf, ftflS (1) ISi^O^ 
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(6) mui^-^^mi^Mt^mi^. nm^^m^\zx^ 

(7) mumi(7>mmt^mumm±\^Bm^ti. mu^ 
PfltcKg^ns, sfiia (6) iB«oi£^ h^-^t^/ug-g^^ 

(8) 2 0(0?^^^*ti^=ffU. ^»^f4lK$^p^^y • ir 
sijis ^§v4^« ^ 1^1 W -r -5 >^ (Hi ii§ $ n 6 

[Mi«g^Piih-r^, mum^^m^mh. w^m^-^^m^m 

(D^mz.w-nxh^. ttjis (8) um<Dm^h>'^^/i^^ 
[Hi] V^m<r>MT J m^<ommmx'h^o 



(9) W|g¥l 0-4 2 2 7 

16 

[119] H 5 7!?^lg|6 {C^^ixS^5^'Y'7'(7)'('fc^W?:^MT 
[Hill m^7bmmQ\z.m^ix^'^ '^^(Di-t^mj:yi 

[012] - r^')^—>n i^m\z.mm 

[His] ^a-ir^-v-Vi/ • r:/y>Jr-v-3 >'ffi{C«J* 
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